Southampton S09 4X Y ALMOST EXACTLY six years ago, Sir Richard Doll celebrated the bicentenary of Percival Pott's publication of his account of the chimney sweep's cancer, in the seventh Walter Hubert Lecture entitled "Pott and the prospects for prevention" (Doll, 1975) . Its essence was to emphasize the role which has been played by observant clinicians and pathologists in the discovery of carcinogenic agents active in man and to suggest ways in which a more systematic search might be made in future for undisclosed occupational carcinogens. In this lecture I take up a similar theme and try to deal with 4 questions:
(1) Are there likely to be as yet undisclosed occupational carcinogens?
(2) Are they worth looking for? (3) How should we look for them? And in hard times (4) How may we make old tools sharper and more serviceable?
Undisclosed occupational carcinogens
No one who has studied the history of occupational carcinogenesis can escape the conclusion that, even allowing due credit for the brilliance of individual investigators, special situations, serendipity and luck have played a prominent role in the discovery of carcinogens to which men and women have been exposed in their places of work. For example, nasal cancer in furniture workers would probably not have been noticed had not the presence of the Chiltern beech woods with their ready supply of wood for the manufacture of chairs convenient for the London market led to the development of a large concentration of the furniture industry employing several thousand men in and around one small town in Buckinghamshire, namely High Wycombe. The fact that this town was later chosen as the site for a new district general hospital meant that a steady stream of cases of nasal adenocarcinoma was referred to a single clinic for diseases of the ear, nose and throat and seen by two surgeons, Miss Esme Hadfield and Mr Ronald Macbeth (Macbeth, 1965) . If the furniture industry had been dispersed in London and other large urban centres the relationship of nasal cancer to the inhalation of hardwood dust would probably have remained undetected.
The discovery of the carcinogenic action of a factor in leather dust also leading to nasal cancer was due to two lucky chances.
The first was that Northamptonshire, which contains a major part of the British footwear manufacturing industry, happens to be within the geographical area covered by the same cancer register as High Wycombe. Thus, when the regional survey of nasal cancer was carried out it disclosed not only a concentration of cases in Buckinghamshire associated with the furniture industry but a cluster in Northamptonshire where no furniture is made. Subsequently, it was shown that the Northamptonshire cluster was due to exposure (usually in men) to leather dust from soles and heels in the preparation and finishing departments of footwear factories (Acheson et al., 1970; Acheson, 1976) .
If the organization of the National Health Service had placed Northamptonshire in the Trent region instead of the Oxford region there is no reason to suppose that nasal cancer in the footwear industry would ever have been looked for or found. Much later we realised that luck had helped in another way. The manufacture of men's shoes by the welting process is a special tradition of the Northamptonshire boot and shoe industry. The operations in shoemaking which create dust mostly occur during manufacture by the welting process. The risk would have been much more difficult to detect in areas of the country where a population of similar size makes other types of footwear.
Another aspect of the effects of known occupational carcinogens is that many of them cause tumours which are bizarreor, in other words, their incidence in the unexposed populations is so low that the occurrence of 2 or 3 cases in one factory or locality is likely to be noticed. In addition to the examples I have already quoted, mesothelioma of the pleura and peritoneum, angiosarcoma of the liver, and many of the peculiarly located or multiple cancers of the skin associated with occupation (including cancer of the scrotum) come under this heading.
The action of most of the carcinogenic agents known to operate in man has been discovered in the workplace. It is difficult to imagine that there should be a special providence guiding the discovery of occupational but not other causes of cancer. It also seems unlikely that carcinogens in the workplace should usually involve large relative risks, and seldom smaller ones. On the basis of both arguments it seems likely that there may be as yet undisclosed carcinogens to which men and women have been exposed in their places of work, and that the bizarre are prominent among the occupationally related tumours detected so far because the means of detecting the more commonplace against the background are currently so poor. In other words there may be undisclosed carcinogens in the workplace which have increased the incidence of the commoner tumours and which might be revealed bv systematic search.
Are they ?worth looking for?
Although evidence on which it is possible to make a precise estimate is not available, it is probable that cancer associated with exposure to carcinogens in the workplace has so far represented a small proportion of the total burden of sickness and mortality due to malignant disease. Such factors as smoking and, taken together, the consumption of alcoholic beverages, sexual habits and exposure to ultraviolet light have, up to the present, been more important. Epidemiological evidence, including for example comparisons of the incidence of cancer in different countries and in migrants between them, and studies of the incidence of cancer in persons who restrict their diet for religious and other reasons, suggest that habits of eating also exert a profound influence on the incidence of cancer (Doll, 1979) .
Even if some recent estimates are accurate (Higginson & Muir, 1979) (Barrett, 1973) . In so far as they provide evidence that a carcinogenic agent (or agents) has not appeared in the environment on a scale sufficient to cause a sustained increase of the risk of cancer as a whole, or of most individual cancer sites, in successive generations of the general population during the period specified these curves are reassuring. There are, however, two reasons why they should not lead to complacency. The first is that it is possible for a carcinogen to appear and to increase the scale of its action during a period when there is a general decline in the mortality rate of cancer for the country as a whole. Asbestos, for example, which began to be imported into the United Kingdom on a substantial scale about the beginning of the century, must have been exerting its effect as a carcinogen on an increasing scale during the period before and after the Second World War (Doll, 1955; Acheson & Gardner, 1979 The second proviso which must be made about the interpretation of time trends in cancer mortality is that, owing to the interval which elapses between exposure to carcinogens and the clinical appearance of related malignant tumours, these trends convey little about the carcinogenic impact of changes in the environment in the last 10-20 years. As far as the United States is concerned (and the trends in the United Kingdom are likely to be similar) it is since 1960 that the greatest increase in production of organic chemicals has taken place (Davies & Magee, 1979) .
However, it does not necessarily follow that the number of people exposed to a chemical, let alone the number of people exposed to a biologically significant dose, increases in proportion to the amount produced. This depends, amongst other factors, on the degree to which controls on exposure levels have been put into effect during the corresponding period, and to the nature of the uses to which the substance is put.
The time trends for cancer mortality noted above are derived from the experience of the population of England and Wales as a whole. As people working in a particular occupation or industry represent only a small fraction of the whole, national mortality figures are unlikely to disclose the action of a carcinogen operating in the workplace-unless it has already escaped to the general environment. An analysis of time trends for different geographical areas would be more likely to be fruitful, and will be undertaken shortly, but even then dilution of the exposed population with what is generally a much larger population of unexposed persons and migration will limit sensitivity.
Geographical patterns
In the new MRC Unit of Environmental Epidemiology we have received on magnetic tape abstracts of all deaths which occurred in England and Wales during the period 1960-1979, a total of almost 12 million deaths. In so far as these data provide valid indicators of the actual diseases suffered by these men and women and their principal places of residence during life, it is possible that they will yield clues which will point to causes. First priority will be given to the publication of an atlas of mortality for England and Wales dealing with cancer along the lines of that recently produced in the United States. The scale of numbers at our disposal will enable us to include areas with smaller populations and rarer sites than was possible in Howe's classic atlas (Howe, 1970) . For many sites of cancer we hope to map rates for each of more than 1,000 local authority districts.
In the preparatory work for the analysis of this material we have used the death rates for certain common cancers published by the Registrar General in his most recent area-mortality analysis for the period (OPCS, 1979) . We have examined the geographical distribution of the standardized mortality ratios (SMRs) of these cancers in the 141 county boroughs and administrative counties in England and Wales. We have also studied the correlations between these SMRs and the distribution of the male workforce by industry according to place of work as recorded at the 1971 census (OPCS, 1975) . As an example of this approach I will refer briefly to the pattern of mortality from bladder cancer in England and Wales.
During the period 1969-73, the mortality from bladder cancer in England and Wales was significantly raised (P < 0-01) in either men or women or in both sexes in 10 of 83 county boroughs and 1 of 59 administrative counties. Using identical criteria it was found that the mortality from bladder cancer was significantly low in 7 administrative counties but in none of the county boroughs.
The general pattern therefore supports the relationship between mortality from bladder cancer and urban residence which has been demonstrated in the American geographical studies. This pattern is (OPCS, 1975) . A significant correlation was found between the mortality from bladder cancer in men and the proportion of employed men working in the chemical industry considered as a whole. When the different divisions of the chemical industry were considered separately there were correlations between the mortality from bladder cancer and employment in the dyestuffs and pigments division and with employment in the manufacture of soap and detergents (Table) . Similar results were found in a study of bladder cancer in relation to the American chemical industry (Hoover & Fraumeni, 1975 pharmaceuticals or toilet preparations. There were no significant correlations in our material with the manufacture of general chemicals, paint, fertilizers or other chemicals. It is too early to attempt any assessment of the usefulness or otherwise of a geographical approach as a means of providing clues for the identification of occupational carcinogens. However, it is reassuring that the method is at least sufficiently sensitive to demonstrate the effects of past exposure to the carcinogenic aromatic amines. The atlas of cancer mortality of the United States has already borne fruit (Mason & McKay, 1974) . A concentration of lung cancer in coastal areas of the southeastern states has been found to be associated with asbestos used in shipyards in the Second World War (Blot et al., 1978) . The geographical clue derived from the atlas led to more rigorous field studies which demonstrated an association with an environmental factor. As is the case with time trends based on whole populations, sensitivity is reduced in geographical studies because the exposed populations represent a small proportion of the total populations contributing to the mortality rates.
Case control studies
The methods mentioned above have such major drawbacks in respect of dilution of the exposed populations, and because of uncontrolled confounding variables such as smoking, that the only justification for using them is that they can be used cheaply on a grand scale. At the other end of the scale of cost and practicability would be an attempt to accumulate detailed data about occupational exposure to chemicals, smoking and other relevant information in every person from the start of employment, and then to relate the accumulated information to the subsequent life risk of cancer. This is impracticable except in special populations such as professional chemists.
Two types of study which we are using fall between the two extremes mentioned above, and have in common the feature that they involve the collection of occupational data about individuals.
The "young cancer study", as it is called, sets out to collect data about occupation, industry and smoking for every male aged 18-54 in whom cancer was diagnosed during the years [1975] [1976] [1977] [1978] [1979] [1980] inclusive. In the first instance, the survey is limited to those areas in England where there are concentrations of the chemical and steel industries. About 4,000 male patients or their relatives are being asked to complete a postal questionnaire. The distribution of occupations in men with cancer of a particular site will be compared with the distribution of occupations of men with all other types of cancer combined. In the second stage of the study an attempt will be made to list the substances to which the persons giving each job title are likely to have been exposed during the specified period.
Limiting the enquiry to men under the age of 55 will confer a number of advantages. Occupational histories will be shorter, better recollected and more likely to contain exposures to substances relevant to present-day and future experience. It is also likely that diagnosis will be more exact in this age group than in the elderly. Furthermore, for reasons about which there is a good deal of argument, the effects of carcinogens have often first been noted in relatively young subjects.
The advantages of this approach are that the occupational experience of a substantial sample of recently occurring cases of cancer can be used, and that results can be obtained quickly at low cost. In the light of experience we may subsequently inclutde women, alter the range of age or site of tumour studied, or sample from other parts of the country. In any event, we hope the study will suggest hypotheses to be stuidied by more rigorous methods.
Cohort studies
Another approach is to start, not with the cancer patient as in the study just described and work backwards, but with a population of persons exposed to a particular substance and work forward in time to determine their cancer risk in relation to that of an unexposed population. If the records of men whose exposure to the substance in question began 20 Although more expensive than the studies already mentioned, the cost of such surveys is less than lifetime feeding experiments in animals. Furthermore, account should be taken of the fact that the result of a well conducted cohort study is directly relevant to man and does not require interspecies extrapolation. The limiting factor is not cost, but the practicability of identifying suitable industrial populations in which sufficient information is available, and gaining the necessary cooperation to follow them. The unit is currently involved in cohort studies of industrial populations exposed respectively to amosite asbestos, benzene, cadmium, epichlorhydrin, formaldehyde, glass fibre and styrene. To identify and study the other populations in which we are interested, for example, those exposed to ethylene oxide, lead, 1-4 dioxane, glycidaldehyde, amitrole, etc. we will need help from both sides of industry.
Making old tools more serviceable Under this heading I wish to mention some ways in which, as an industrial society, we might move towards a strategy for the earlier discovery of carcinogeins in the workplace althougLt times are hard and likely to remain so. Our first priority should be to ensure that the unique facilities which are available in the United Kingdom, and which are the envy of other countries, should not be destroyed in the search for short-term economies. Prime among these is the facility for medical scientists to use the National Health Service Register at Southport (Adelstein, 1976. (HSE, 1981) . It is also necessary to keep under review the question of whether the chemical industry, or even possibly primary manufacturing industry as a whole, should be required to retain a basic record identifying each member of their workforce for potential future linkage with records of cancer morbidity and mortality (Acheson, 1979) . In the past it has been within primary manufacturing industry that most industrial carcinogens have been discovered (Cole & Goldman, 1975) .
The suggestions that I have just mentioned are modest in cost, practicable, and seem an essential part of the housekeeping of an industrial society at the end of the 20th century. But there is one other issue which, unless it is settled satisfactorily, will serve to frustrate all innovations, and indeed will jeopardize future work in the identification of causes of human cancer in the workplace and elsewhere. This is the issue of the confidentiality of personal data, including medical records, and the rights of access of bona fide medical research workers to them. These issues are shortly to come before Parliament. It is essential that a solution should be found which will protect privacy without putting epidemiological research in chains, as has happened abroad. Until far more is known than at present about mechanisms of carcinogenesis, cases of cancer are unfortunately likely to occur due to exposure of men and women in the workplace. It is surely in the general interest that we should have the means to discover these at the earliest possible moment.
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